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Description 

This invention relates to a process for produc- 
ing a crosslinked absorbent resin composition. 

Water-swellable polymers are used as constitu- 
ents in sanitary materials which absorb body fluids 
such as: sanitary napkins, incontinent devices and 
disposable baby diapers. Examples of such poly- 
mers are disclosed in U.S. Patents 3,926,891; 
4,190,562; and 4,293,609. 

The high level of water-soluble polymers is of 
concern in such materials because the extractable 
polymers may be leached from the absorbent 
structure by aqueous fluids which lessens the effi- 
ciency of the product. A high level of water-solu- 
bles can cause low water-absorbing capacity in the 
adsorbent device. Thus, when these water-swel- 
lable polymers are contacted with catamenial 
blood, urine, or other body fluids, they have low 
initial absorption rates, less effective absorption 
and become sticky. Therefore, a high water-soluble 
polymer content can inhibit the absorptive capacity 
of the absorbing device. 

Various processes are known for producing the 
absorbent polymers such as, for example, bulk 
polymerization, aqueous solution polymerization, 
spray polymerization, inverse emulsion polymeriza- 
tion and inverse suspension polymerization. 

Generally, the water-swellable, crosslinked, hy- 
drophilic polymers are prepared by the radical 
copolymerization of an aqueous solution of an ap- 
propriate monomer and a crosslinking monomer. 
The resulting hydrous gel is dried and then pulver- 
ized to put it in the form which is useful for incor- 
poration into devices used for the absorption of 
human fluids. The water-soluble, non-crosslinking 
monomer of the acid type may be polymerized in 
two forms. First, the polymerization may be per- 
formed on a carboxylic acid monomer in its acid 
form, and secondly the polymerization can be car- 
ried out on the carboxylic acid monomer in its 
neutralized form, preferably an alkali metal salt 
form. 

If the monomers are polymerized in a neutral- 
ized form, such as in a salt form, the crosslinker 
may not be soluble in the monomer solution and 
will therefore not be uniformly distributed in the 
monomer solution. The lack of uniform distribution 
may increase the concentration of water-soluble 
polymers present in the absorbent polymer. 

When using the monomers in the acid form the 
crosslinking monomer is soluble in the aqueous 
acid monomer and therefore allows for uniform 
mixing of the crosslinking monomer and the aque- 
ous acid monomer. The uniform mixing aids in the 
formation of a polymer which is evenly and uni- 
formly crosslinked. This may affect the amount of 
water-soluble polymers which are present in the 



absorbent polymer product. In effect, the uniform 
distribution of the crosslinking monomer may re- 
duce the amount of water-soluble polymer which 
may leach out of the absorbent polymer when 

5 contacted with the fluid to be absorbed. However, 
when the polymerization is performed on the acid 
form of the monomer it is necessary to neutralize 
the resultant polymer in order to impart absorbent 
properties and make it compatible with human ap- 

w plications. Such neutralization has been carried out 
after the monomer has been polymerized into a 
viscous gel which is difficult to handle. The neu- 
tralization is accomplished by contacting the vis- 
cous gel with an amount of basic solution or ma- 

75 terial effective to neutralize the acid groups present 
in the polymer. The neutralization is impaired due 
to the difficulty in mixing the neutralizing agent 
evenly into the polymerized gel. 

U.S. Patent 4,286,082, herein, discloses a pro- 

20 cess for preparing an absorbent polymer composi- 
tion by polymerizing an aqueous solution of a mix- 
ture of an alkali metal acrylate and acrylic acid and 
a crosslinking monomer in the presence of a sur- 
face-active agent. The surface-active agent acts to 

25 uniformly disperse the crosslinking monomer in the 
alkali metal salt and acrylic acid solution. However, 
the presence of a surface-active agent in the resul- 
tant polymer can inhibit the desired wicking ability 
of aqueous fluids through absorbent structures con- 

30 taining the polymer. The surface-active agent re- 
duces the surface tension of the fluid to be ab- 
sorbed resulting in an absorbent capacity of the 
absorbent device which is not fully utilized. 

Absorbent devices often contain a wicking fi- 

35 brous material which serves as an aid in the dis- 
tribution of the fluid to be absorbed by the device. 
Examples of such wicking fibrous materials include 
cellulose batting, paper, woven or non-woven cloth 
and cellulosic fluff. The wicking material distributes 

40 the fluid throughout the device so that ideally all of 
the absorbent polymer in the device is contacted 
with the fluid. This results in an efficient use of the 
absorbent polymer which is in the device. A capil- 
lary action between the fluid and the wicking ma- 

45 terial results in the distribution of the fluid. Such 
action is dependent on the surface tension of the 
fluid which is being distributed. Surface-active 
agents function to reduce the surface tension or the 
interfacial tension between two liquids when dis- 

50 solved in water or water solutions. This reduction in 
surface tension can have the effect of reducing the 
capillary action between the fluid and the wicking 
material. This results in an under-utilization of the 
absorbent capacity of the absorbent device. There- 

55 fore the preferred dispersants are those which do 
not adversely affect the wicking action of the absor- 
bent device. 
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An absorbent polymer composition prepared 
from a neutralized monomer solution which does 
not contain a surface-active agent which impedes 
capillary action in absorbent articles would be de- 
sirable. Minimizing the extractable content of the 
polymer composition in aqueous fluids is also de- 
sirable. Further, preparing the polymer in the ab- 
sence of a surface-active agent enables one to 
better utilize the full absorbent capacity of the 
absorbent device in which the polymer is a con- 
stituent. Thus, a process for the polymerization of a 
neutralized monomer solution without using a sur- 
face-active agent to obtain a polymer low in extrac- 
tables is desired. Such polymers should desirably 
exhibit good gel strengths, high rates of absorption, 
low levels of water-soluble polymer, and high 
capacities for absorbing fluids. 

Accordingly, the present invention relates to a 
process for preparing an absorbent polymer from a 
neutralized monomer without a surface-active 
agent. The process comprises the steps of 

(a) preparing a dispersion of an effective amount 
of a crosslinking monomer and a dispersing 
agent in an aqueous solution of a water-soluble 
a,/8-ethylenically unsaturated carboxylic acid 
monomer which is at least partially neutralized, 

(b) subjecting the dispersion to reactive con- 
ditions so as to polymerize the neutralized or 
partially neutralized carboxylic acid and crosslin- 
king monomer, wherein the dispersing agent 
does not reduce the surface tension of a super- 
natant solution of 1 gram (g) of the polymerized 
monomer in 200 ml of a 0.9 percent sodium 
chloride below 60 dynes/cm (6 pascals). 

The surface tensions described herein are mea- 
sured on a Du Nouy tensiometer using standard 
techniques. 

The present invention also relates to a process 
for preparing an absorbent polymer composition 
comprising the steps of (1) forming an aqueous 
solution of a crosslinking monomer in a water- 
soluble a,£-ethylenically unsaturated carboxylic 
acid monomer in the presence of an amount of a 
dispersing agent effective to maintain the disper- 
sion of the crosslinking monomer after the water- 
soluble monomer has been neutralized, the dis- 
persing agent being chosen such that the surface 
tension of a supernatant solution of 1 g of the 
polymerized monomer in 200 ml of a 0.9 percent 
sodium chloride is not less than about 60 dynes/cm 
(6 pascals), (2) neutralizing the monomer solution 
with an amount of basic material sufficient to neu- 
tralize a substantial portion of the monomer solu- 
tion, (3) adding one or more vinyl addition poly- 
merization initiators to the neutralized monomer 
solution, and then (4) subjecting the neutralized 
solution to polymerization conditions. 



In another embodiment the present invention 
relates to a process for preparing an absorbent 
polymer composition comprising the steps of (1) 
dissolving a crosslinking monomer in an aqueous 

5 solution of a water-soluble a,/8-ethylenically unsatu- 
rated carboxylic acid monomer, (2) neutralizing the 
monomer solution with an amount of basic material 
sufficient to neutralize a substantial portion of the 
monomer solution, (3) contacting the neutralized 

10 solution with an amount of a dispersing agent ef- 
fective to maintain the dispersion of crosslinking 
monomer in the neutralized monomer solution, the 
dispersing agent being chosen such that the sur- 
face tension of a supernatant solution of 1 g of the 

75 polymerized monomer in 200 ml of a 0.9 percent 
sodium chloride is not less than 60 dynes/cm (6 
pascals), (4) adding one or more initiators to the 
neutralized monomer solution, and then (5) subject- 
ing the solution to polymerization conditions. 

20 The present invention provides a means for 

preparing highly absorbent polymers from mon- 
omers which have been neutralized prior to poly- 
merization, thus allowing for easier handling and 
processing of the polymer. The polymers prepared 

25 by this process exhibit excellent rates of absorp- 
tion, gel strengths and low levels of water-soluble 
polymer which are all desirable characteristics for 
polymers to be employed in devices used to ab- 
sorb and retain human body fluids. 

30 

Types of Monomers : 

Suitable water-soluble a,0-ethylenically unsatu- 
rated carboxylic acid monomers which are useful in 

35 the present invention include those monomers 
which are capable of conversion by aqueous solu- 
tion polymerization into a water-swellable and/or 
lightly crosslinked hydrophilic gel polymer. The 
crosslinked structure may be obtained by the 

40 copolymerization of a water-soluble monomer and 
a crosslinking monomer possessing at least two 
polymerizable double bonds in the molecular unit. 
Examples of such monomers include a,0- 
ethylenically unsaturated monomers such as mono 

45 and polycarboxylic acids. 

The water-swellable or lightly crosslinked hy- 
drophilic polymers that are prepared by the meth- 
od of the present invention can be any of the 
known hydrophilic polymers which are capable of 

50 absorbing large quantities of fluids. Examples of 
such polymers are disclosed in U.S. Patents 
3,997,484; 3,926,891; 3,935,099; 4,090,013; and 
4,190,562. Such hydrophilic polymers are prepared 
from water-soluble a.jS-ethylenically unsaturated 

55 monomers such as mono and polycarboxylic acids 
and acrylamide and its derivatives. 

Examples of suitable monocarboxylic acids in- 
clude acrylic acid, methacrylic acid, crotonic acid, 
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and isocrotonic acid, alkali metal salts and ammo- 
nium salts thereof. Suitable polycarboxylic acids 
include maleic acid, fumaric acid, and itaconic acid. 
Suitable acrylamide derivatives include 
methacrylamide. The preferred monomers include 
acrylic acid and methacrylic acid and their respec- 
tive salt forms such as alkali metal or ammonium 
salts. 

The concentration of monomer which is used is 
largely dependent on the ultimate properties which 
are desired in the final polymer product. Such 
properties include good gel strength, high absor- 
bent capacity, fast rates of absorption and low 
levels of water-soluble polymer. It is desirable to 
use a concentration of monomer which results in 
an efficient level of conversion of monomer to 
polymer, preferably at least 80 percent, more pref- 
erably at least 90 percent and most preferably at 
least 99 percent conversion. The water-soluble 
monomers useful in the present invention may be 
used in amounts ranging from 10 percent to 80 
percent weight based on the total weight of the 
aqueous monomer solution. Preferably, the amount 
ranges from 20 percent to 60 percent based on the 
total weight of the aqueous monomer solution. 

Optionally, minor amounts of other water-solu- 
ble, unsaturated monomers may be present such 
as alkyl esters of the acid monomers. For example, 
methyl acrylate or methyl methacrylate may be 
present. 

The polymerization is carried out on carboxylic 
acid monomers which have been neutralized prior 
to the polymerization. This neutralization is conve- 
niently achieved by contacting the aqueous mon- 
omer with an amount of basic material sufficient to 
neutralize at least 20 percent, preferably at least 50 
percent of the acid groups present in the acid 
monomers. The range is typically, from 20 to 95 
percent, preferably from 50 percent to 85 percent, 
and most preferably from 65 percent to 80 percent 
of the acid groups present in the acid monomers. 
When pre-neutralizing the monomer solution it is 
important to control the neutralization conditions so 
that the heat of neutralization does not cause the 
premature polymerization of the monomer mixture. 
The neutralization is advantageously carried out at 
temperatures below 40 °C, preferably below 35*0. 
The neutralization of the monomers causes the 
crosslinking monomer to become insoluble in the 
monomer solution as is evidenced by the formation 
of a cloudy solution. The insolubility of the crosslin- 
king monomer can result in a polymer which is not 
uniformly crosslinked and therefore which tends to 
have a high level of water-soluble polymer content. 

The use of the pre-neutralized monomer allows 
for the production of an absorbent polymer which 
does not need to be neutralized either after poly- 
merization or prior to incorporation into absorbent 
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devices. The polymer prepared from the pre-neu- 
tralized monomer is already in the alkali metal salt 
form. The pre-neutralized polymers exhibit absor- 
bent properties which are highly desirable for poly- 

5 mers which are to be used as constituents in 
human fluid absorbent devices. 

Conveniently, a conventional vinyl addition 
polymerization initiator is used in the polymeriza- 
tion of the water-soluble monomers and the cros- 

70 slinker. A free radical polymerization initiator which 
is sufficiently soluble in the monomer solution to 
initiate polymerization is preferred. Examples of 
suitable initiators include water-soluble peroxides 
such as potassium persulfate, ammonium persul- 

75 fate, sodium persulfate, and other alkali-metal per- 
sulfates, hydrogen peroxide and water soluble azo- 
compounds such as 2,2'-azobis(2- 
amidinopropane* HCL). Some of these initiators, 
such as hydrogen peroxide can be combined with 

20 reducing substances such as sulfites or amines to 
form known redox type initiators. The amount of 
initiator used may range from 0.01 to 1.0 weight 
percent, preferably from 0.01 to 0.5 weight percent, 
based on the total weight of monomer reactants. 

25 Alternatively, the free radicals can be generated in 
situ by ultraviolet excitation or X-rays. A preferred 
method of the invention involves the use of hy- 
drogen peroxide with the initiator or as part of the 
initiators. The hydrogen peroxide imparts what is 

30 thought to be a bleaching effect on the resultant 
polymer. A polymer having color is generally less 
desirable for aesthetic reasons. 

When thermal initiators are used, the selection 
of reaction temperature typically depends on the 

35 type of initiator used and the type of monomer 
chosen. The reaction temperature polymerization is 
preferably a relatively low temperature which in- 
creases the molecular weight of the resulting cros- 
slinked polymer. Generally, the reaction tempera- 

40 ture may range from 5 • C to 1 00 • C. 

Types of Crosslinking Monomers: 

Organic compounds having two or more 
45 ethylenic groups copolymerizable with the water- 
soluble monomers can be used as the crosslinking 
monomers. Exemplary crosslinking monomers in- 
clude diacrylate or dimethacrylate of ethylene gly- 
col, diethylene glycol, triethylene glycol, propylene 
50 glycol, 1,4-butane diol, 1,5-pentane diol, 1,6-hexane 
diol, neopentyl glycol, trimethylol propane and pen- 
taerythritol; triacrylates or trimethacrylates of 
trimethylol propane and pentaerythritol; 
tetracrylates or tetramethacrylates of pentaeryth- 
55 ritol, N,N'-methylene-bis-acrylamide, N,N'- 
methylene-bis-methacrylamide and triallyl 
isocyanurate. The preferred crosslinking monomers 
for the present invention are those crosslinking 
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monomers which are not soluble In the neutralized 
monomer solution such as trimethylol- 
propanetriacrylate. The lack of solubility of the 
crosslinking agent results in the necessity for the 
dispersing agent. 

The crosslinking monomer is present in the 
dispersion of water-soluble monomer and dispers- 
ing agent in an amount effective to crosslink the 
water-soluble polymer. Typically the crosslinking 
monomer is used in amounts ranging from 0.0001 
to 5 parts by weight based on 100 parts by weight 
of water-soluble monomer used. More preferably, 
the amount ranges from 0.01 to 2 parts by weight, 
and most preferably, from 0.02 to 1 part by weight, 
per 100 parts by weight of the water-soluble mon- 
omer. If an amount over 5 parts by weight of 
crosslinking monomer is used, the resulting poly- 
mer has too high a crosslinking density and exhib- 
its a reduced absorption capacity. If the crosslinker 
is used in an amount less than 0.0001 part by 
weight, the polymer has too low a crosslinking 
density and, when contacted with the fluid to be 
absorbed, becomes sticky and exhibits a lower 
initial absorption rate. The preferred amount of 
crosslinking monomer is determined by the desired 
degree of absorption capacity and the desired 
strength to retain the absorbed fluid. 

Solubility in Neutralized Acid Solutions 

Generally, such crosslinking monomers are to 
a large extent soluble in an aqueous solution of the 
monomers in acid form as indicated by the clarity 
of these solutions. However, when the monomer in 
acid form is neutralized some of the crosslinking 
monomers tend to exhibit a reduced solubility. This 
is typically evidenced by the formation of a cloudy 
solution after the neutralization of the acid mon- 
omer solution indicating a phase separation be- 
tween the crosslinking monomer and the water- 
soluble monomer. 

It is believed that the insolubility of the cros- 
slinking monomers in the neutralized water-soluble 
monomer causes the crosslinker to be unevenly 
distributed throughout the polymer product. This 
appears to have the effect of increasing the level of 
water-soluble polymers which are present and ca- 
pable of leaching out of the polymer. Therefore, it 
is desirable to uniformly disperse the crosslinking 
monomer in order to produce a water absorbent 
polymer from a neutralized monomer, in which the 
polymer is uniformly crosslinked, exhibits low lev- 
els of water-soluble polymer, and good absorptive 
properties. 

Suitable dispersing agents are identified in part 
by the surface tension of a solution in a standard 
test as follows. One gram of polymer which has 
been prepared in the presence of the dispersing 



agent, is mixed in 200 ml of a 0.9 percent solution 
of sodium chloride and the surface tension of the 
supernatant of that solution is tested using a Fisher 
brand Du Nouy tensiometer. Those dispersing 

5 agents which will maintain a surface tension of the 
supernatant of at least 60 dynes/cm (6 pascals) are 
suitable. Preferably, the supernatant will not have a 
surface tension less than 65 dynes/cm (6.5 
pascals) and most preferably, not less than 70 

10 dynes/cm (7 pascals). 

Suitable dispersing agents have the ability to 
maintain a uniform dispersion of crosslinking mon- 
omer in the neutralized water-soluble monomer so- 
lution. Such dispersing agents do not necessarily 

75 render the crosslinker soluble in the neutralized 
monomer solution but rather function as an aid in 
the maintenance of a fine dispersion of the cros- 
slinking monomer in the water-soluble monomer. A 
good dispersion of crosslinker in the water-soluble 

20 monomer is evidenced by a cloudy solution of 
water-soluble monomer that does not separate pri- 
or to or during polymerization. Examples of suitable 
dispersing agents include carboxymethylcellulose 
suspending aids, methyl cellulose, hydroxypropyl 

25 cellulose, with polyvinyl alcohol being preferred 
and 75 to 100 percent hydrolyzed polyvinyl alcohol 
being most preferred. 

The dispersing agent must be chosen such 
that, when the recovered and dried water-absorbent 

30 polymer is incorporated into a human fluid absor- 
bent device, the dispersing agent residue does not 
enter human fluids to which it is exposed and 
inhibit the wicking action of the absorbent device. 
This is important since it is the wicking action 

35 which allows the fluid to become evenly distributed 
within the adsorbent device which enables the ab- 
sorbent polymer to be used in an efficient manner. 
Therefore, the dispersing agents of the present 
invention are those which will maintain a surface 

40 tension of the supernatant (as described above) of 
at least 60 dynes/cm (6.0 pascals), preferably at 
least 65 dynes/cm (6.5 pascals) and most prefer- 
ably, at least 70 dynes/cm (7 pascals). The super- 
natant solution is meant for the purpose of the test 

45 to simulate human fluids which have been con- 
tacted with the polymer in a human fluid absorbent 
device. 

The dispersing agent is present in the aqueous 
solution of the crosslinking monomer and water- 
so soluble monomer in an amount effective to main- 
tain the dispersion of the solution prior to and 
during the polymerization. Typically the amount of 
dispersing agent present in the aqueous solution is 
from 1 to 0.001 weight percent based on the 
55 weight of water-soluble monomer present. Prefer- 
ably, the amount of dispersing agent present in the 
aqueous solution is from 0.1 to 0.005 weight per- 
cent, more preferably from 0.01 to 0.05 weight 
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percent based on the weight of water-soluble mon- 
omer present. 

Methods and Materials Used for the Neutralization: 

Compounds which are useful to neutralize the 
carboxylic acid groups of the monomer are typi- 
cally those which will sufficiently neutralize the acid 
groups without having a detrimental effect on the 
polymerization process. Such compounds include 
alkali metal hydroxides, alkali metal carbonates and 
bicarbonates. Preferably, the material used to neu- 
tralize the monomer is sodium or potassium hy- 
droxide or sodium carbonate or potassium car- 
bonate. The neutralizing agent is used in an 
amount which will sufficiently neutralize from 20 
percent to 95 percent, preferably from 50 percent 
to 85 percent, and most preferably from 65 percent 
to 80 percent of the acid groups present in the 
water-soluble monomer. In determining the desired 
degree of neutralization care must be taken to 
insure that the pH of the resulting crosslinked ab- 
sorbent polymer being contacted with or dispersed 
in an aqueous fluid to be absorbed is maintained in 
a range appropriate for the applications for which 
the polymer is intended. 

Typical Polymerization Conditions: 

For the aqueous-solution copolymerization ac- 
cording to the present invention, the water-soluble 
monomer, the crosslinking monomer, the dispers- 
ing agent, and the initiator are mixed in a conven- 
tional manner prior to the copolymerization. The 
order of mixing is not critical as long as a uniform 
dispersion without coalescence of the crosslinking 
monomer is maintained. Mixing may be effected 
with static in-line mixers, or any other suitable 
mixing apparatus. The temperature of mixing 
should be maintained so that the polymerization is 
not initiated prematurely, preferably below a tem- 
perature of 40 °C, more preferably below 35 °C. 
The solution may then be neutralized under the 
conditions described above. 

In a preferred embodiment for the invention, an 
aqueous solution of the monomer in the acid form, 
the crosslinker and the dispersing agent is pre- 
pared. The aqueous solution is then neutralized 
resulting in a dispersion of the crosslinker in a 
solution of the neutralized acid monomer. 

The polymerization of the mixture may be ini- 
tiated by elevating the temperature of the mixture 
containing the initiator or by using a redox-type 
initiator as described above. Generally, the tem- 
perature at which polymerization will begin ranges 
from 20 *C to 45 'C. The temperature at which the 
polymerization is carried out is highly dependent 
on the type of monomers used and the specific 
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initiator system employed. Preferably, the maxi- 
mum temperature of polymerization ranges from 
50 'C to 100°C, most preferably from 60 *C to 
90 *C. The method by which the temperature of the 

5 polymerization is controlled is not critical so long 
as sufficient cooling is present to remove the heat 
which is generated during the polymerization. In a 
preferred embodiment of this invention, water-solu- 
bles level in the polymer from a monomer neutral- 

w ized process can be controlled by careful control of 
the temperature during the exothermic polymeriza- 
tion. External cooling jackets alone are generally 
not adequate to provide the desired reaction tem- 
perature control when a large reaction vessel is 

15 used. Conducting the reaction under reduced pres- 
sure is desirable to control temperature. 

The resulting hydrous gel-like polymer may be 
used to prepare the absorbent polymer composi- 
tion by drying of the hydrous polymer. It is desir- 

20 able to dry the gel-like hydrous polymer at as high 
an efficiency and in as short a time as possible in 
order to prevent the deterioration of the polymer 
due to excessive heat. A desirable method of dry- 
ing comprises heating the polymer by hot air to a 

25 temperature of 50 * C to 200 0 C, for a period of time 
sufficient to reduce the moisture content of the 
hydrous polymer to below 40 percent, preferably 
below 10 percent based on the total weight of 
absorbent polymer. 

30 The absorbent polymer composition obtained 

by drying the gel-like hydrous polymer under heat 
is suitably comminuted into coarse particles, gran- 
ules or a powder depending upon the desired size. 
The method of pulverization is not generally criti- 

35 cal, and any method known in the art can be 
suitably employed. Agitation of the reaction me- 
dium during polymerization can also be used to 
control particle size. 

The absorbent polymer composition of the 

40 present invention has excellent performance char- 
acteristics. The polymer has a high degree of poly- 
merization because it has been prepared from the 
gel-like hydrous polymer formed by copolymeriza- 
tion in an aqueous solution in a relatively high 

45 concentration. Moreover, it is efficiently and uni- 
formly crosslinked by copolymerizing the water- 
soluble monomer and the crosslinking monomer in 
the presence of the dispersing agent. Therefore, 
the absorbent polymer composition has a very low 

so water-soluble polymer content, and thus, is less 
sticky when in contact with an aqueous fluid and 
has a large amount of saturated absorption. The 
polymer composition exhibits a water-soluble poly- 
mer content of less than 20 percent, preferably 

55 less than 15 percent, and most preferably less than 
10 percent based on the total weight of the absor- 
bent polymer. Water soluble polymer content is 
determined by extracting 1 g of absorbent polymer 
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for 4 hours with 500 g of 0.9 percent sodium 
chloride. The swollen polymer is filtered off and the 
filtrate titrated with hydrochloric acid to determine 
the level of soluble polymer present. 

The absorbent polymer compositions of the 
present invention exhibit absorbent capacities rang- 
ing from 20 g/g to 70 g/g, more preferably from 30 
g/g to 55 g/g, and most preferably from 40 g/g to 
50 g/g. The absorbent capacity or free swell capac- 
ity (FSC) is determined by allowing 1.0 g of the 
polymer to absorb its limit of 300 g of a 0.9 
percent sodium chloride solution in 20 minutes. 
The excess salt solution which is not absorbed is 
weighed and subtracted from the original 300 g to 
give the free swell capacity value. 
The following examples illustrate preparation of 
pre-neutralized polymer and physical properties of 
the polymer, i.e., performance data. 

Example 1 

In a 1 -liter (1000 cm 3 ) glass reactor was dis- 
solved 0.31 g (0.25 percent based on the weight of 
monomers) of trimethylolpropanetriacryiate 
(TMPTA) in 125 g of acrylic acid. To this solution 
323.2 g of distilled water was added. To this solu- 
tion was added 3 ml (3 cm 3 ) of a solution of 1 g of 
Vinol® 523™ , a polyvinyl alcohol available from Air 
Products and Chemical Inc., dissolved in 278 g of 
distilled water. With agitation 97 g of 50 percent 
sodium hydroxide was then slowly added to the 
solution in order to neutralize the acid groups of 
the monomer. The reactor was cooled to maintain a 
temperature of 30 0 C. The neutralization caused the 
TMPTA to "fall out" of the solution as an ultrafine, 
very stable, dispersion. With the agitation contin- 
ued, 6 drops of Versenex™-80 (40 percent aque- 
ous solution of pentasodium salt of diethylene 
triaminepentaacetic acid), available from The Dow 
Chemical Company, was added to the solution with 
0.031 g of V -50 (2,2'-azobis(2- 
amidinopropane^HCL)) available from Wako 
Chemicals USA, and 0.031 g of sodium persulfate. 
The solution was deoxygenated with N2. This solu- 
tion was then added over a period of 12 minutes to 
a 2 liter glass reactor which had been preheated to 
a temperature of 90 °C. The reactor was main- 
tained at a temperature of no more than 85 0 C by a 
heated jacket around the reactor. The reaction was 
allowed to run until complete as evidenced by a 
reduction in heat generation. The reaction contents 
were held at a reaction temperature of 85 0 C after 
completion of reaction. The polymer gel was then 
removed from the reactor, ground and dried in an 
oven at 100°C. 

The absorbent properties were determined by 
the following procedures: 



1. Free swell capacity (FSC) was determined by 
allowing 1.0 g of the polymer to absorb its limit 
of 300 g of 0.9 percent sodium chloride solution 
in 20 minutes. The excess salt solution which 

5 was not absorbed was weighed and subtracted 
from the original 300 g to give the free swell 
capacity value. 

2. Water soluble polymer content was deter- 
mined by extracting 1 g of absorbent polymer 

70 for 4 hours with 500 g of 0.9 percent sodium 
chloride. The swollen polymer was filtered off 
and the filtrate titrated with hydrochloric acid to 
determine the level of soluble polymer present. 
The polymer composition of this example ex- 
75 hibited a FSC of 44.4 g/g and a water soluble 
polymer content of 5.3 percent. 

Example 2 

20 In a 50 gallon (0.19 m 3 ) glass-lined reactor, 

0.65 pounds (295 g) of TMPTA was dissolved in 47 
pounds (21.3 kg) of acrylic acid. To this solution 
was added 115.5 pounds (52.4 kg) of deionized 
water followed by 0.24 pounds (108.9 g) of a 2 

25 percent aqueous solution of PVA, Vinol 523 avail- 
able from Air Products and Chemicals, Inc., and 11 
g of Versenex 80, available from The Dow Chemi- 
cal Company. To this solution in the reactor, 36.6 
pounds (16.6 kg) of 50 percent sodium hydroxide 

30 was added slowly with good agitation while main- 
taining the temperature of the contents below 30 °C 
by means of the reactor jacket. 

This monomer mix was transferred to a 30 
gallon (0.113 m 3 ) stainless steel reactor equipped 

35 with high torque agitation. Oxygen was removed by 
sparging the reactor contents for 30 minutes with 
N 2 . 4.3 Grams of sodium thiosulfate, 2.7 g Wako V- 
50, and 32.0 g sodium persulfate were added to 
the reactor. Within a few minutes the reactor tem- 

40 perature gradually started to rise from 27 'C. By 
maintaining the reactor at 270 torr (36,000 kPa) 
pressure by means of a vacuum pump and con- 
denser, the peak temperature of the reaction was 
limited to 77 °C. After holding the reactor contents 

45 at the peak temperature for 30 minutes, the finely 
divided gel was removed from the reactor and 
dried at 100°C. 

The polymer resulting from Example 2 exhib- 
ited 6.3 percent water-soluble polymer and a FSC 

50 of 46.1 g/g. 

Example 3 

Using the same equipment as in Example 2, 
55 0.70 pounds (317.5 g) TMPTA was dissolved in 50 
pounds (22.7 kg) of acrylic acid. To this solution 
was added 110.2 pounds deionized water along 
with 11 g Versenex 80 and 0.25 pounds (113.4 g) 
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of a 5 percent aqueous solution of PVA (Vinol 205, 
available from Air Products and Chemicals, Inc.). 
To this solution in the reactor 38.9 pounds (17.6 g) 
of 50 percent sodium hydroxide was slowly added 
with good agitation while maintaining the monomer 
mix below 30 ° C by means of the reactor jacket. 

The monomer mix was transferred to a 30 
gallon (0.113 m 3 ) stainless steel reactor equipped 
with a high torque agitator. Dissolved oxygen was 
removed from the monomer mix by in-line sparging 
of N2 during the transfer. To the reactor was added 
3.4 g sodium thiosulfate, 3.4 g WAKO V-50, 45.4 g 
sodium persulfate, 75.6 g 30 percent hydrogen 
peroxide and 11.4 g Lupersol 256, (2,5-dimethyl- 
2,5-bis(2-ethyl hexanoylperoxy)hexane) available 
from Lucidol Division of Pennwalt. 

Within a few minutes, the reaction mixture 
started to gradually rise from 27 0 C and to thicken. 
By maintaining the reactor at a reduced pressure, 
the peak temperature of the reaction was limited to 
81 °C. After holding the reactor contents at the 
peak temperature for 30 minutes, the finely divided 
gel was removed from the reactor and a small 
portion was dried at 150 °C using a hot air gun. 

The polymer resulting from Example 3 exhib- 
ited 8.2 percent water-soluble polymer and a free 
swell capacity of 43.4 g/g. 

Claims 

1. A process for preparing an absorbent polymer 
composition comprising the steps of: 

(a) preparing a dispersion of an effective 
amount of a crosslinking monomer and a 
dispersing agent in an aqueous solution of a 
water-soluble a,/S-ethylenically unsaturated 
carboxylic acid monomer which is at least 
partially neutralized, 

(b) subjecting the dispersion to reactive 
conditions so as to polymerize the neutral- 
ized or partially neutralized carboxylic acid 
and crosslinking monomer, wherein the dis- 
persing agent does not reduce the surface 
tension of a supernatant solution of 1 g of 
the polymerized monomer in 200 ml of a 
0.9 percent aqueous sodium chloride below 
60 dynes/cm (6 pascals). 

2. A process as claimed in Claim 1 wherein the 
crosslinking monomer is trimethyloi- 
propanetriacrylate or diethylene glycol dia- 
crylate; the water-soluble ethylenically unsatu- 
rated monomer is acrylic acid, methacrylic 
acid, or alkali metal salts of these acids and 
the dispersing agent is carboxymethyl-cellu- 
lose suspending aids or polyvinyl alcohol. 



3. A process as claimed in Claim 1 wherein the 
crosslinking monomer present in the disper- 
sion is polymerized in an amount ranging from 
0.0001 to 5 parts by weight based on 100 

5 parts by weight of water-soluble monomer. 

4. A process as claimed in Claim 1 wherein the 
dispersion further comprises water soluble al- 
kyl esters of unsaturated carboxylic acids and 

70 an effective amount of one or more vinyl addi- 

tion polymerization initiators. 

5. A process as claimed in Claim 1 wherein the 
water-soluble ethylenically unsaturated mon- 

15 omer is present in an amount ranging from 10 

percent to 80 percent based on the total 
weight of the aqueous monomer dispersion. 

6. A process as claimed in Claim 4 wherein the 
20 initiator is sodium persulfate, ammonium per- 
sulfate, potassium persulfate, hydrogen perox- 
ide, azo-bis compounds or redox-type initiators 
and is present in the dispersion in an amount 
of from 0.01 to 1.0 weight percent based on 

25 the total weight of monomer reactants. 

7. A process as claimed in of Claim 1 wherein 
the dispersion is prepared by contacting an 
aqueous solution of crosslinking monomer, 

30 ethylenically unsaturated monomer, and the 

dispersing agent with a basic material effective 
to neutralize the acid groups of the water- 
soluble ethylenically unsaturated monomer. 

35 8. A process as claimed in Claim 7 wherein the 
basic material used to neutralize the monomer 
mixture is sodium hydroxide, potassium hy- 
droxide or sodium carbonate and is used in an 
amount effective to neutralize at least 20 per- 

40 cent of the acid groups of the water-soluble 

ethylenically unsaturated monomer. 

9. A process for preparing an absorbent polymer 
composition comprising the steps of (1) for- 

45 ming an aqueous solution of a crosslinking 

monomer in a water-soluble ethylenically un- 
saturated monomer in the presence of an 
amount of a dispersing agent effective to main- 
tain the dispersion of the crosslinking mon- 

50 omer after the water-soluble monomer has 

been neutralized, the dispersing agent being 
chosen such that the surface tension of a 
supernatant solution of 1 g of the polymerized 
monomer in 200 ml of a 0.9 percent sodium 

55 chloride is not less than 60 dynes/cm (6 

pascals) as measured on a Du Nouy tensio- 
meter, (2) neutralizing the monomer solution 
with an amount of basic material sufficient to 
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neutralize a substantial portion of the monomer 
solution, (3) adding one or more vinyl addition 
polymerization initiators to the neutralized 
monomer solution, and then (4) subjecting the 
neutralized solution to polymerization condi- 
tions. 

10. A process for preparing an absorbent polymer 
composition comprising the steps of (1) dis- 
solving a crosslinking monomer in an aqueous 
solution of water-soluble c*,)S-ethylenically un- 
saturated monomer, (2) neutralizing the mon- 
omer solution with an amount of basic material 
sufficient to neutralize a substantial portion of 
the monomer solution, (3) introducing into the 
neutralized solution an amount of a dispersing 
agent effective to maintain the dispersion of 
crosslinking monomer in the neutralized mon- 
omer solution, the dispersing agent being cho- 
sen such that the surface tension of a super- 
natant solution of 1 g of the polymerized mon- 
omer in 200 ml of a 0.9 percent sodium chlo- 
ride is not less than 60 dynes/cm (6 pascals), 
(4) adding one or more vinyl addition poly- 
merization initiators to the neutralized mon- 
omer solution, and then (5) subjecting the solu- 
tion to polymerization conditions. 

Patentanspruche 

1. Verfahren zur Herstellung von absorbierenden 
Polymeren, bei dem man 

(a) eine Dispersion einer wirksamen Menge 
eines vernetzenden Monomeren und eines 
Dispergiermittels in einer waBrigen Losung 
eines wasserloslichen, zumindest teilweise 
neutralisierten alpha, beta-ethylenisch unge- 
sattigten Carbonsauremonomeren herstellt, 
und 

(b) die Dispersion Reaktionsbedingungen 
unterwirft, so dafi die neutralisierten Oder 
teilweise neutralisierten Carbonsauremono- 
meren und die vernetzenden Monomeren 
polymerisieren, wobei das Dispergiermittel 
die Oberflachenspannung einer uberstehen- 
den Losung uber 1g der polymersierten 
Monomeren in 200 ml einer 0,9prozentigen 
wafirigen Natriumchlorid-Losung nicht unter 
60 dyn/cm (6 Pascal) herabsetzt 

2. Verfahren nach Anspruch 1, wobei das vernet- 
zende Monomere Trimethylolpropantriacrylat 
Oder Diethylenglykoldiacrylat ist; das wasser- 
losliche ethylenisch ungesattigte Monomere 
Acrylsaure, Methacrylsaure Oder Alkalimetall- 
salze dieser Sauren ist; und das Dispergiermit- 
tel Carboxymethylzellulose als Suspendierhilfs- 
mittel oder Polyvinylakohol ist. 



3. Verfahren nach Anspruch 1, wobei das in der 
Dispersion vorliegende vernetzende Monomere 
in einer Menge von 0.0001 bis 5 Gewichtsteile 
auf 100 Gewichtsteile des wasserloslichen Mo- 

5 nomeren polymerisiert wird. 

4. Verfahren nach Anspruch 1, wobei die Disper- 
sion weiterhin wasserlosliche Alkylester von 
ungesattigten Carbonsauren und eine wirksa- 

10 me Menge eines oder mehrerer Initiatoren fur 

die Polymerisation durch Vinyladdition enthalt. 



Verfahren nach Anspruch 1 , wobei das wasser- 
losliche ethylenisch ungesattigte Monomere in 
einer Menge im Bereich von 10 Prozent bis 80 
Prozent, bezogen auf das Gesamtgewicht der 
waflrigen Monomerendispersion, vorliegt. 
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Verfahren nach Anspruch 4, wobei der Initiator 
Natriumpersulfat, Ammoniumpersulfat, Kalium- 
persulfat, Wasserstoffperoxid, eine Bisazover- 
bindung oder ein Redox-lnitiator ist und in der 
Dispersion in einer Menge von 0,01 bis 1 Ge- 
wichtsprozent, bezogen auf das Gesamtge- 
wicht der monomeren Ausgangsstoffe, vorliegt. 



7. Verfahren nach Anspruch 1, wobei die Disper- 
sion hergestellt wird, indem man eine waBrige 
Losung des vernetzenden Monomeren, des 

30 ethylenisch ungesattigten Monomeren und des 

Dispergiermittels mit einem basischen Stoff in 
Beruhrung bringt, der fur die Neutralisierung 
der Sauregruppen des wasserloslichen ethyle- 
nisch ungesattigten Monomeren wirksam ist. 

35 

8. Verfahren nach Anspruch 7, wobei der fur die 
Neutralisierung des Monomerengemisches ver- 
wendete basische Stoff Natriumhydroxid, Kali- 
umhydroxid oder Natriumcarbonat ist und in 

40 einer Menge eingesetzt wird, die fur die Neu- 

tralisierung von mindestens 20 Prozent der 
Sauregruppen des wasserloslichen ethylenisch 
ungesattigten Monomeren wirksam ist. 

45 9. Verfahren zur Herstellung eines absorbieren- 
den Polymeren, bei dem man (1) eine wafirige 
Losung eines vernetzenden Monomeren in ei- 
nem wasserloslichen ethylenisch ungesattigten 
Monomeren in Gegenwart einer Menge eines 

50 Dispergiermittels herstellt, die wirksam ist, urn 

die Dispersion des vernetzenden Monomeren 
aufrechtzuerhalten, nachdem das wasserlosli- 
che Monomere neutralisiert worden ist, wobei 
das Dispergiermittel so ausgewahlt wird, da(3 

55 die Oberflachenspannung einer uberstehenden 

Losung uber 1g der polymerisierten Monome- 
ren in 200 ml einer 0,9prozentigen Natrium- 
chlorid-Losung nicht weniger als 60 dyn/cm (6 
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Pascal) betragt, gemessen mit einem De Nouy 
Tensiometer, (2) die Monomerenlosung mit ei- 
ner Menge eines basischen Stoffes neutrali- 
siert, die ausreicht, urn einen wesentlichen An- 
teil der Monmerenlosung zu neutralisieren; (3) 
der neutralisierten Monomerenlosung einen 
Oder mehrere Initiatoren fur die Polymerisation 
durch Vinyladdition zufugt und dann (4) die 
neutralisierte Monomerenlosung Polymerisa- 
tionsbedingungen unterwirft. 

10. Verfahren zur Herstellung eines absorbieren- 
den Polymeren, bei dem man (1) ein vernet- 
zendes Monomeres in einer waGrigen Losung 
eines alpha, beta-ethylenisch ungesattigten 
Monomeren lost, (2) die Monomerenlosung mit 
einer fur die Neutralisierung eines erheblichen 
Anteils der Monomerenlosung ausreichenden 
Menge eines basischen Stoffes neutralisiert, 
(3) in die neutralisierte Losung eine Menge 
eines Dispergiermittels einbringt, die ausreicht, 
um die Dispersion des vernetzenden Monome- 
ren in der neutralisierten Monomerenlosung 
aufrechtzuerhalten, wobei das Dispergiermittel 
so gewahlt wird, dafi die Oberflachenspannung 
einer uberstehenden Losung Liber 1g der poly- 
merisierten Monomeren in 200 ml einer 0,9pro- 
zentigen Natriumchlorid-Losung nicht weniger 
als 60 dyn/cm (6 Pascal) betragt, (4) der neu- 



1. Procede de preparation d'une composition de 
polymere absorbant, comprenant les etapes 
suivantes : 

(a) preparer une dispersion d'une quantite 
efficace d'un monomere reticulant et d'un 
agent dispersant dans une solution aqueuse 
de monomere hydrosoluble du type acide 
carboxylique a,/3-ethyleniquement insature, 
au moins partiellement neutralise; 

(b) faire reagir la dispersion de fagon a 
polymeriser Tacide carboxylique totalement 
ou partiellement neutralise et le monomere 
reticulant; I'agent dispersant ne reduisant 
pas la tension de surface d'une solution 
surnageante de 1 g de monomere polymeri- 
se dans 200 ml de chlorure de sodium 
aqueux a 0,9%, en-dessous de 60 dy- 
nes/cm (6 pascals). 

2. Procede selon la revendication 1, dans lequel 
le monomere reticulant est le triacrylate de 
trimethylolpropane ou le diacrylate de diethyle- 



neglycol; le monomere hydrosoluble ethyleni- 
quement insature est I'acide acrylique, I'acide 
methacrylique ou des sels de metal alcalin de 
ces acides, et I'agent dispersant est un adju- 
5 vant de mise en suspension de la carboxyme- 

thylcellulose ou le poly-(alcool vinylique). 

3. Procede selon la revendication 1, dans lequel 
le monomere reticulant, present dans la disper- 
10 sion, est polymerise dans une quantite compri- 

se entre 0,0001 et 5 parties en poids par 
rapport a 100 parties en poids de monomere 
hydrosoluble. 

75 4. Procede selon la revendication 1, dans lequel 
la dispersion comprend, en plus, des alkyles- 
ters d'acides carboxyliques insatures hydroso- 
lubles et une quantite efficace d'un ou plu- 
sieurs amorceurs de polymerisation par addi- 

20 tion de groupes vinyles. 

5. Procede selon la revendication 1, dans lequel 
le monomere hydrosoluble ethyleniquement in- 
sature est present dans une quantite comprise 

25 entre 10 et 80% en poids par rapport au poids 

total de la dispersion aqueuse monomere. 

6. Procede selon la revendication 4, dans lequel 
Tamorceur est le persulfate de sodium, le per- 
sulfate d'ammonium, le persulfate de potas- 
sium, le peroxyde d'hydrogene, les composes 
bis-azoVques ou les amorceurs de type redox, 
et present dans une quantite comprise entre 
0,01 et 1% en poids par rapport au poids total 
des monomeres reactifs. 

7. Procede selon la revendication 1, dans lequel 
la dispersion est preparee par mise en contact 
de la solution aqueuse de monomere reti- 

40 culant, de monomere ethyleniquement insature 

et de I'agent dispersant avec une base efficace 
pour neutraliser les groupes acides du mono- 
mere hydrosoluble ethyleniquement insature. 

45 8. Procede selon la revendication 7, dans lequel 
la base utilisee pour neutraliser le melange de 
monomeres est I'hydroxyde de sodium, I'hy- 
droxyde de potassium ou le carbonate de so- 
dium, et est utilisee dans une quantite suffisan- 

50 te pour neutraliser au moins 20 pourcent des 

groupes acides du monomere hydrosoluble 
ethyleniquement insature. 

9. Procede de preparation d'une composition de 
55 polymere absorbant comprenant les etapes 

suivantes : 

(1) former une solution aqueuse de mono- 
mere reticulant dans un monomere hydro- 



tralisierten Monomerenlosung einen oder meh- 30 
rere Initiatoren fur die Polymersation durch Vi- 
nyladdition zufugt und dann (5) die Losung 
Polymerisationsbedingungen unterwirft. 

Revendications 35 
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soluble ethyleniquement insature, en pre- 
sence d'un agent dispersant efficace pour 
maintenir la dispersion du monomere reti- 
culant apres neutralisation du monomere 
hydrosoluble; I'agent dispersant etant choisi 5 
de telle sorte que la tension de surface 
d'une solution surnageante de 1 g de mono- 
mere polymerise dans 200 ml de chlorure 
de sodium a 0,9% ne soit pas inferieure & 
60 dynes/cm (6 pascals), telle que mesuree 10 
sur un tensiometre Du Nouy; 

(2) neutraliser la solution monomere avec 
une quantite suffisante d'une base pour 
neutraliser une partie importante de la solu- 
tion monomere; 75 

(3) ajouter un ou plusieurs amorceurs de 
polymerisation par addition de groupes vi- 
nyles a la solution monomere neutralisee, et 

(4) soumettre la solution neutralisee aux 
conditions de polymerisation. 20 

10. Procede de preparation d'une composition de 
polymere absorbant comprenant les etapes 
suivantes : 

(1) dissoudre le monomere reticulant dans 25 
une solution aqueuse de monomere hydro- 
soluble a, ^-ethyleniquement insature; 

(2) neutraliser la solution monomere avec 
une quantite suffisante d'une base pour 
neutraliser une partie importante de la solu- 30 
tion monomere; 

(3) introduire dans la solution neutralisee 
une quantite efficace d'agent dispersant 
pour maintenir la dispersion de monomere 
reticulant dans la solution monomere neu- 35 
tralisee; I'agent dispersant etant choisi de 
telle sorte que la tension de surface d'une 
solution surnageante de 1 g de monomere 
polymerise dans 200 ml de chlorure de 
sodium a 0,9% ne soit pas inferieure a 60 40 
dynes/cm (6 pascals); 

(4) ajouter un ou plusieurs amorceurs de 
polymerisation par addition de groupes vi- 
nyles a la solution monomere neutralisee; 

(5) soumettre la solution aux conditions de 45 
polymerisation. 



50 



55 



11 



